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SUMMARY

Transonic steady and unsteady pressure tests have been conducted in the

Langley Transonic Dynamics Tunnel on a large elastic wing known as the DAST

ARW-2. The wing has a supercritical airfoil, an aspect ratio of 10.3, a leading-edge

sweep back angle of 28.8 degrees, and two inboard and one outboard trailing-

edge control surfaces. Only the outboard control surface was deflected to generate

steady and unsteady flow over the wing during this study. In this report, only the

steady surface pressure, control-surface hinge moment, wing-tip deflection, and

wing-root bending moment measurements are presented. The results from this

elastic wing test are in tabulated form to assist in calibrating advanced

computational fluid dynamics (CFD) algorithms.

INTRODUCTION

At the NASA -Langley Research Center much progress has been

accomplished in measuring surface pressures on several selected wing

configurations. 1-3 The purpose of these experimental programs was to generate

extensive databases of measured steady and unsteady pressures associated with

either wing pitch oscillations or control surface oscillations. Currently, NASA

Langley's unsteady pressure research is focused under a new program known as

the Benchmark Models Program. 4-7 All data results in both the initial programs

and the current Benchmark Models Program is intended for use in evaluating the

accuracy of advanced computational fluid dynamics (CFD) algorithms. Initially, all

wing models investigated were made as rigid as possible to minimize wing



structural deformations and allow for simple basic comparisons with the analytical

transonic aerodynamic codes. In 1983, the first flexible wing model configuration

was tested as part of the initial programs. The flexible wing model was similar in

construction to that of actual aircraft wings and provides realistic measured data for

comparison in the future with more advanced transonic aerodynamic codes that

will include the effects of aeroelastic deformations in the computational process.

The flexible wing model, known as the Aeroelastic Research Wing-2 (ARW-

2) was part of the Drones for Aerodynamic and Structural Testing (DAST) program.

8 It has a full-span aspect ratio of 10.3 (excluding the area of the wing trailing-edge

extension), a leading-edge sweepback angle of 28.8 degrees, and a supercritical

airfoil. The wing model has three hydraulically actuated trailing-edge control

surfaces and is instrumented with steady and unsteady pressure gages, making it

extremely useful to NASA Langley's unsteady pressure measurements program.

However, only the outboard control surface was used in the current investigation.

Due to the large amount of data generated, there have been many reports

produced to document all of the steady and unsteady data acquired on the DAST

ARW-2 wing. 9-16 The purpose of the present report is to document the measured

steady pressure, control surface hinge moment, wing-tip deformation, and wing-

root bending moment data resulting from an the DAST ARW-2 tests in the Langley

Transonic Dynamic Tunnel (TDT). All pressure results are tabulated and presented

in pressure-coefficient form.

SYMBOLS

C

Cp

local chord, in.

pressure coefficient, (p-P)/q
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M

P

q

X

X/c

Z

Z./c

x

Y

Z

(z

P

1]

free-stream Mach number (MACH in computer generated tables)

local static pressure at any point on the wing surface, psf

free-stream dynamic pressure, psf (Q in computer generated tables)

streamwise distance measured from the wing local leading-edge, in.

fraction of local-chord location (X/C in computer-generated tables)

vertical distance measured from the wing reference plane

(z=59.50 in.), in

ratio of vertical distance from the wing reference plane to local chord

streamwise coordinate, in.

spanwise coordinate, in.

vertical coordinate, in.

wing root angle of attack, positive for leading-edge up, deg (ALPHA in

computer generated tables)

free-stream density of test medium, slugs/cu ft (DEN. in computer

generated tables)

static control surface angle about hinge line, positive for trailing edge

down, deg (DELTA in computer generated tables)

fraction of wing semispan (ETA in computer generated tables)

The following symbols are used in the computer generated tables:

A

AMPLTD.

CPL

CPSTAR

CPU

DCP

FREQNCY.

speed of sound in test medium, ft/sec

peak amplitude of oscillatory control surface, deg.

lower-surface steady-pressure coefficient, (p-P)/q

critical pressure coefficient

upper-surface steady-pressure coefficient, (p-P)/q

lifting-surface steady-pressure coefficient, CPL - CPU

frequency of oscillatory control surface, Hz
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GBEN

GAMMA

H

ML

MU

P

RF. SRF.

RN

RN/L

VELOCITY

wing root bending moment, in-lbs

ratio of specific heat at constant pressure to specific heat at constant

volume

stagnation pressure, psf

lower-surface local Mach number

upper-surface local Mach number

free-stream static pressure, psf

reference surface (only outboard control surface used in this report)

Reynolds number per foot, 1/ft

Reynolds number per foot divided by L ( L=I.0 ), 1/ft

free-stream velocity, ft/sec

WIND-TUNNEL MODEL

General

The elastic semispan wing model described herein was the right wing panel

taken from the DAST ARW-2 drone flight vehicle and mated to a rigid half-body

fuselage fixture. Both the fuselage and the wing were mounted on a remotely

controlled turntable mechanism located on the wind tunnel sidewall. This turntable

was used to adjust the model pitch attitude and therefore the wing-root angle of

attack. A photograph of the complete model mounted in the tunnel is shown in

Figure 1. The location of the sidewall turntable and its relationship to the wing and

fuselage is shown in Figure 2. The boundary layer transition on the wing was left

free for most of the data presented in this report. However, for test points 645

through 676 a transition strip (0.10 inch wide of size 100 grit ) was added to the

upper and lower surfaces of the wing leading edge along the 5% chord.
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Fuselage Geometry and Construction

The half-body fuselage was used primarily to place the wing outside of the

wind-tunnel wall boundary layer. The fuselage had a semi-circular cross section

with a radius of 12.5 inches and a length of 190 inches. Although the nose and

tail fuselage sections were made shorter than the actual flight fuselage, the center

section was made nearly identical to the flight fuselage in both diameter and wing

location to provide flow around the inboard section of the wing similar to that

expected on the flight vehicle. This fuselage shape is representative of a typical

high wing transport aircraft. A sketch of the fuselage and wing are shown in Figure

2.

The rigid half body fuselage structure consisted of a backplate and several

bulkheads to which the exterior shell was fastened. The half body fuselage

backplate was fastened directly to the wind-tunnel turntable before the exterior

shell sections were installed. Fuselage coordinates and further details about the

structure are reported in reference 11.

Wing Geometry and Construction

The elastic wing had a full span aspect ratio of 10.3 with a leading-edge

sweep angle of 28.8 degrees. The planform geometry of the wing is presented in

Figure 3. The wing was equipped with three hydraulically driven control surfaces,

two inboard and one outboard, with locations as shown also in Figure 3. Both of

the inboard surfaces were held fixed at zero degrees in relation to the wing surface

for all testing. Only the outboard control surface was deflected for the steady

pressure measurements reported herein. The outboard surface hinge line was

located at 77 percent of the local chord.
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The wing contour was derived from the desired shape for a wing having a lift

coefficient of 0.53 at straight and level flight conditions at a vehicle cruise Mach

Number of 0.8 and an altitude of 46,800 feet. However, at cruise conditions the

elastic wing is deformed to a different shape due to the net results of lift and

gravitational loads. Therefore, the fabricated shape known as the jig shape is

determined for the structure with all aerodynamic loads and vehicle weight loads

removed. The present wing was fabricated to a set of calculated jig shape

coordinates which are hereafter referred to as the design airfoil coordinates. The

design and measured coordinates are presented for 10 span stations in Figure 4.

Overall, the comparison between design and measured coordinates is good. The

vertical scales in Figure 4 have been enlarged to exaggerate small differences. On

the lower surface, the largest difference between design and measured

coordinates is 0.077 inch at y=60 inches near the trailing-edge region. On the

upper surface, the largest difference is 0.065 inch at y=110 inches near the nose

region. Both the design coordinates and the measured coordinates from the

fabricated wing (cantilevered at the root chord) are presented in tabulated form in

table 4 of reference 11.

Further descriptions of the wing construction and how the calculated jig

shape was determined are presented in references 9 -12. Structural properties of

this elastic wing are presented in reference 11 along with tabulated data for the first

six calculated mode shapes and frequencies derived from a 100 joint structural

finite-element model.

Instrumentation

The locations of the wing instrumentation are shown in Figure 3. The

primary instrumentation consisted of 182 pressure transducers and 10

accelerometers. In addition, strain gages were located near the wing root to
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measure bending moments. A differential pressure gage was mounted in each

supply line to the hydraulic actuator of each control surface to measure hinge

moments. Small precision potentiometers were used to measure the control

surface angular displacement. The model angle of attack was measured by a

servo accelerometer mounted near the wing root.

Both steady and unsteady surface pressures were obtained using

differential pressure transducers referenced to the static pressure of the tunnel.

Streamwise rows of upper and lower surface orifices were located at six semispan

stations. The wing location of these orifices are presented in Table 1. Surface

orifices were connected to pressure transducers by tubes. All of the tubes had the

same inner diameter of 0.040 inch and the same length of 18 inches. The steady

pressure data were measured at all six span stations. Unsteady pressure data

were measured only on the three most outboard stations. All unsteady pressure

data associated with the oscillating control surface tests is reported in reference 15.

Ten accelerometers, located as shown in Figure 3 were used to determine the wing

dynamic deflections. The accelerometers were mounted in the wing approximately

halfway between the upper and lower surface. Accelerometer data associated with

the oscillating control surface tests is reported in reference 15.

WIND TUNNEL

The tests described in this report were conducted in the Langley Transonic

Dynamics Tunnel (TDT). The TDT is a closed-circuit, continuous-flow tunnel which

has a 16-foot square test section with cropped corners and slots in all four walls.

Mach number and dynamic pressure can be varied simultaneously or

independently, with either air or a heavy gas used as a test medium. A heavy gas,
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R-12, was used as the test medium for most of the test results reported herein.

However, a few tests were conducted in air for comparison purposes and these

results also are included.

DATA ACQUISITION

All data from the model instrumentation were acquired using the TDT real

time data-acquisition system 17, but most of the data was processed first through a

digital 10 bit PCM (Pulse Code Modulation) encoder system which was used

initially in the DAST flight test program. The encoder system was set up for data

sampling rates of either 250 samples per second or 31.25 samples per second.

Steady pressures were measured at 182 pressure orifices and 7 in situ

pressure transducers. The pressure orifice measurements were acquired using an

electronically scanned pressure (ESP) system. 18 The ESP system is a

sequential, digital pressure-sampling equivalent to a mechanical scanivalve. The

three inboard rows of pressure transducers were digitized in real time at 31.25

samples per second while the three outboard rows of pressure transducers and

the 7 in situ pressure transducers were digitized in real time at 250 samples per

second and stored on magnetic tape for later analysis. Each pressure signal was

averaged for 1.2 seconds (37 samples for the three inboard rows and 300 samples

for the three outboard rows plus the in situ transducers) to acquire its mean value.

Control-surface hinge moments were determined by using the

measurements from pressure gages installed in the two hydraulic supply lines to

the actuator. The differential pressure value between the two gages was then used

to calculate the control surface hinge moment. 1 All hinge moments were quasi-

steady because it was necessary to oscillate the control surface about its mean
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deflection angle to eliminate the influence of high friction loads created by the

actuator intemal seal. The control surface was oscillated at a low frequency of 0.5

Hz at an amplitude of 1 degree. To eliminate any variance caused by the low

frequency oscillation, the measured differential pressure signal was averaged for

10 seconds (2500 samples) to acquire a mean value.

Averaged wing-tip deflections were measured visually at selected test points

using a cathetometer. Both the vertical deflection and twist value of the wing tip

were read and manually recorded for each data point.

Wing-root bending moments were measured for all cases in which steady

pressures were recorded. The wing-root bending gage measurements were

acquired at 1000 samples per second and averaged for 0.3 seconds to obtain a

mean value for the wing-root bending moment. This bending-moment gage,

referred to as GBEN in later tables, did not get processed through the encoder

system, but went directly into the TDT acquisition system with its higher sampling

rate capabilities.

PRESENTATION OF STATIC DATA

Steady-Pressure Measurements

A summary of the steady pressure test conditions is presented in table 2 for

convenience of identifying and locating a desired set of steady pressure data.

Steady-pressure measurement data were obtained for multiple values of Mach

number and dynamic pressure as shown in figure 5. At a dynamic pressure of 100

psf, the Reynolds number (per foot) varied from 2.5 million to 1.7 million at Mach

numbers of 0.6 to 0.9 respectively. Model parameter variations included angle of
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attack values from -2, to +4 degrees and control-surface deflection angles ranging

from -8 to +8 degrees.

The steady-pressure measurements are given in coefficient form in table 3.

Each test condition is identified by a point number which is located in the first

column of Table 2 and in the upper left-hand corner of each page of Table 3. After

the point number in Table 3, a listing of wind tunnel conditions and model

parameters are given as follows: Mach number (MACH), dynamic pressure (Q),

Reynolds number (RN), ratio of specific heat (GAMMA), stagnation pressure (H),

static pressure (P), the wing-root angle of attack (ALPHA), the static control surface

angle (DELTA), and the critical pressure coefficient (CPSTAR). Next listed in Table

3 are the fraction of local-chord location (X/C), the upper-surface steady-pressure

coefficient (CPU), the lower-surface steady-pressure coefficient (CPL), the

difference or lifting-surface steady-pressure coefficient (DCP), the upper-surface

local Mach number (MU), and the lower-surface local Mach number (ML) for each

of eight different semispan locations (ETA) at which the model pressure

measurements were taken. The first six ETA values listed are for the six different

streamwise rows of pressure transducers at which the primary steady pressure

measurements were taken. The data for ETA = .875, listed near the bottom of the

table, are from the in situ transducers. The data for ETA = .981, listed at the bottom

of the table, are for a lower-surface transducer on the sixth row of surface orifices

(ETA = .972) whose spanwise location was moved to avoid interference with

internal wing components. Figure 6 shows a plot of some typical steady pressure

distribution data at M=0.80, q=100.0 psf, e_=0.0, and (5=0.0. Three different data

sets (with nearly the same test conditions and model parameters) are presented to

illustrate the repeatability characteristics of the data.

Control-surface hinge moment measurements
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The measured static hinge moment data are presented in Table 4. Each test

condition is identified by a point number presented in the first column of the table.

Following the point number are the wind-tunnel Mach number and dynamic

pressure, the wing-root angle of attack and control surface deflection angle, and

the measured hinge moment data. Figure 7 shows a plot of some typical control

surface hinge moment data as a function of dynamic pressure for M=0.8, (_=0.0,

and (5=0.0.

Wing-tip deflection measurements

The measured wing-tip deflection data are presented in Table 5. Each test

condition is identified by a point number presented in the first column of the table.

Following the point number are the wind-tunnel Mach number and dynamic

pressure, the wing-root angle of attack and control surface deflection angle, and

the measured wing-tip deflection data. Figure 8 shows a plot of some typical wing-

tip deflection data as a function of dynamic pressure for M=0.8, _=0.0, and 5=0.0.

An independent and more extensive set of static wing-tip deflections were obtained

from stereo camera photographic measurements. These latter wing-tip deflections

were calculated using a close-range Photogrammetric technique and the results

are reported in references 13 and 14.

Wing-root bending moment measurements

The wing-root bending moment data are presented in Table 6. Each test

condition is identified by a point number presented in the first column of the table.

Following the point number are the wind-tunnel Mach number(M), dynamic

pressure(Q), speed of sound(A), velocity(VELOCITY), density(DEN.*E+3), and

Reynolds number per foot(RN/L*E-6), model angle of attack(ALPHA), reference

control surface mean angle(RF. SRF. MEAN), oscillatory peak amplitude(RF. SRF.
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AMPLTD.) and frequency(RF. SRF. FREQNCY.), and the measured wing-root

bending moment data(GBEN). Figure 9 shows a plot of some typical wing-tip

bending moment data as a function of dynamic pressure for M=0.8, e_=0.0,and

_=0.0.

CONCLUDING REMARKS

Selected steady data results from tests conducted in the NASA Langley

Transonic Dynamic Tunnel on a large elastic semispan wing model known as the

DAST ARW-2 were presented in tabulated form. These results included steady

pressure, control-surface hinge moment, wing-tip deflection, and wing-root bending

moment measurements. Typical data sets selected from each type of

measurement also were presented in plotted form. The elastic wing had a

supercritical airfoil, a leading-edge sweepback angle of 28.8 degrees, and a full

span aspect ratio of 10.3. These steady measurement tests were part of a more

comprehensive investigation to acquire and document measured unsteady

pressures due to an oscillating outboard trailing-edge control surface. All aspects

of the unsteady pressure results were acknowledged and referenced earlier in this

report.

No discussion of the data was included. It is expected that these

experimental results will aid the development and validation of advanced

computation fluid dynamics (CFD) algorithms and assist designers of energy-

efficient transport aircraft.
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TABLE 2(a).- SUMMARY OF STEADY-PRESSURE TEST PROGRAM
IN HEAVY GAS

(a) Angle of attack variation

Point
number

708
710
712
7i4
716
718
720
722
724
731
727
729
734

737
739
741
744
746
748
750
752
754

,,,,,, ,,

756
758
760

762
764
766

30
31
29
32
33
34
35

M

0.75
O.75
0.75

0.80
0.80
0.80
0.85
O.85
0.85
0.88
0.88
0.88
0.'90

0.70
0.70
0.70
0.75
0.75
0.75
o18o
0.80
0.80
0.85
0.85
0.85
0.87
0.87
0.87

0.58
0.58
0.58
0.58
0.58
0.58
0.58

q_

psf

8,

38.
38.

2.

42.
42.

6.

46.
46.

8.

48.
48.

50.

52.
52.
52.
58.
58.
58.

4l

64.
64.
70.
70.
70.

2,

72.
72.

50.
50.
50.
50.
50.
50.
50.

-1.
0.
1.

-11
.

1.
-1.
0.
1.

-1.
0.
1.

.

-1.
0.
1.

-1.
0.
1.

-1.
0.
1.

-I.
O.
I.

-1.
0.
1.

2,

-1.

0.
1.
2.
3.
4.

°

0.
0.

,

0.
0.
Oo

.

0.
.

0.
0.

°

°

0.
0.
01

°

0.
.

0.
0.

.

0.
0.

°

0.
0.

.

0.
0.
0.
0.
0.
0.
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TABLE 2(a).- Continued

(a) Continued

Point

number

37/41
42

43
44
45
46
47

67
m

65
m

68

69

49
5O
51
52
53
54
55

M

0.73
0.73
0.73
0.73
0.73
0.73
0.73

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.82
0.82

0.82
0.82
0.82
0.82
0.82

qt

psf

75.
75.
75.
75.
75.

75.
75.
87.

87.
87.
87.
87.
87.
87.

0.

90.

90.
90.
90.
90.
90.

2.

"1.

0.
1.
2.
3.
4.

2.

"1.

0.
1.
2.
3.
4.

_2.

"1.

0.
1.
2.

3.
4.

.

0.
0.
0.
0.

0.
0.

.

0.
0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.
0.

26 0.90 100. 0. 0.

100.

100.
100.
100.
100.
100.
100.

100.
100.
100.
100.
100.
100.
100.

0.60
0.60
0.60

0.60
0.60
0.60
0.60

0.70
0.70
0.70

0.70
0.70
0.70
0.70

0.80
0.80
0.80
0.80

0.80
0.80
0.80

210
211

212/223/891
213

214/236/901
215
216

2.

-1.

0.
1.
2.
3.
4.

2.

"1.

0.
1.
2.
3.
4.

2.

"1.

0.
1.
2.

3.
4.

148
149

150/174/868
151

152/161/879
153
154

80
81

82/89/836
108

109/122/835
110
111

100.
100.
100.

I00.
100.
100.
100.

.

O.

O.

O.

O.

O.
O.

.

0.
0.
0.
0.
0.

0.

,

0.
0.

0.
0.
0.
0.
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TABLE 2(a).- Continued

(a) Continued

Point

number

783
784
787
788
789
790
791
58
59

60/275
61

62/293
63
64

334
335
340
336
337
338
339
341
342
343
344
345
346
347
348
349
350
351
352
353
355
356
357
358
359

361

M

0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.88
0.88
0.88
0.88
0.88
0.88
0.88

0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.85
0.85
0.85
0.85
0.85
O.85
0.87

0.88
0.88
0.88
0.88
0.88
0.88

q_

psf

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

112.
112.
112.
112.
112.
112.
112.
124.
124.
124.
124.
124.
124.
124.
137.
137.
137.
137.
137.
137.
140.

143.
143.
143.
143.
143.
143.

de, de 9

2.

°1.

0.
1.
2.
3.
4.

2.

_1o

0.
1.
2.
3.
4.

2.

°1,

0.
1.
2.
3.
4.

2,

0.
1.
2.
3.
4.

2.

"1o

0.
1.
2.
3.

.

'.2.

-1.
0.
1.
2.
3.

.

0.
0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.

.

.

0.
0.
0.
0.
0.
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TABLE 2(a).- Continued

(a) Continued

Point

number

362
363
364
365
366
367

368

369
370
371
372
373
374

375
376

377
378
379
380
381
382
383
384
385

386
387
388
389
39O
391

392
393
394
395
396
397

398
399
400
401
402

M

0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.75
0.75
0.75
0.75
0.75
0.75

0.80
0.80
0.80
0.80
0.80
0.80
0.85

0.85
0.85
0.85

0.85
0.86

0.86
0.86
0.86
0.86
0.87

0.70

0.70
0.70
0.70
0.70
0.70

0.75
0.75
0.75

0.75
0.75

q!

psf

131.
131.
131.
131.
131.
131.

131.

146.
146.
146.
146.
146.
146.

161.
161.

161.
161.
161.
161.

176.
176.
176.
176.
176.

179.
179.
179.
179.
179.
181.

171.
171.
171.
171.
171.

171.

190.
190.
190.
190.
190.

_2.

°1.

0.
1.
2.

3.
4.

_2.

-1.

0.
1.
2.

3.
_2.

-1.

0.
1.
2.
3.

-1.

0.
1.
2.

2.

-1.

0.
1.
2.
0.

2.

-1.

0.
1.
2.
3.

2.

"1.

0.
1.

2.

o

0.
0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.
0.

0.
0.
0.
0.

.

0.
0.
0.
0.
0.

o

0.
0.
0.
0.

0.

.

0.
0.
0.
0.
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TABLE 2(a).- Continued

(a) Continued

Point

number

403
404
405
406
407
409
410
411
412
413

476
477
478
479
481

446/448
449
450
451
452
423
424
425
426
427
911
912

913/934
914

915/932

610
607
612

..,, i,,

616
619
621
623
627
629

M

0.80
0.80
0.80
0.80
0.80
0.85
0.85
0.85
O.85
0.86

0.60
0.60
0.60
0.60
0.60
0.70
0.70
0.70
0.70
0.70
0.80
0.80
0.80
0.80
0.80
0.85
0.85
0.85
0.85
O.85

0.70
0.70
O.7O
0.75
0.75
0.75
0.80
0.80
0.80

q_

psf

211.
211.
211.
211.
211.
231.
231.
231.
231.
235.

200.
200.
200.
200.
200.

.....200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.

209.
209.
209.
245.
245.
245.
271.
271.
271.

dec]

2,

-1.

0.
1.
2.

2.

"1.

0.
1.
0.

2.

-1.

O.
1.
2.

2.

-1.

0.
1.
2.

-2.
-1.

0.
1.
2.

-2.

-1.
0.
1.
2.

-1.
0.
1.

.

1.
-1.
0.
1.

.

0.
0.
0.
0.

°

0.
0.
0.
0.

.

0.
0.
0.
0.

°

0.
0.
0.
0.

.

O.
O.
O.
O.

°

0.
0.
0.
0.

°

0.
0.

°

0.
0.

o

0.
0.
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TABLE 2(a).- Continued

(a) Concluded

Point M q, (z, 6,

number psf deg deg

633 0.85 299. -1. 0.
637 0.85 299. 0. 0.
639 0.85 299. 1. 0.

642 0.88 312. 0. 0.

948 0.80 300. -1. 0.
951 0.80 300. 0. 0.
952 0.80 300. 1. 0.

*665 0.70 100. 0. 0.

*667 0.75 112 0. 0.
*669 0.80 124 0. 0.

"671 0.85 135 0. 0.

*673 0.87 140 0. 0.

* A transition strip 0.10 inch wide of size 100 grit was
added to the upper and lower surfaces of the wing leading
edge along the 5% chord.
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TABLE 2(a).- Continued

(b) Control surface deflection variation

Point
number

217
218
219
220
221
222

223/212/891
224
225
226
227
228
229
230
231
232
233
234
235

236/214/901
237
238
239
240
241
242

168
169
170
171
172
173

174/150/868
175
176
177
179
180
181

M

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.6O
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70

q_

psf

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

100.
100.
100.
100.
100.
100.

100.
100.
100.
100.

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

_t

de(:j

.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.

,

2.
2.
2.
2.
2.
2.
2.
2.

2.
2.
2.
2.

.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

_Y

deg

-8.
-6.
-4.
"3.

-2.
"1.

0.
1.
2.
3.
4.

6.
8.

"8.

-6.
"4.

"3.

"2.

-1.

0.
1.
2.

3.
4.

6.
8.

"8.

-6.
-4.
-3.

-2.

-1.

0.
1.
2.
3.
4.
6.
8.
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TABLE 2(a).- Continued

(b) Continued

Point

number

155
156
157
158
159
160

161/152/879
162
163
164
165
166
167

105
106
107
86
87
88

89/82/836
90
91
92
94
95
96
115
116
117
118
119
120

122/109/835
123
124
125
126
127
128

M

0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

qt

psf

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

100.
100.

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

.

2.
2.
2.
2.
2.
2.
2.
2.
2.
2.

2.
2.

.

0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

.

2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.

2.

-8.
-6.
-4.
"3.

-1.

0.
1.
2.
3.
4.
6.
8.

-8.
"6.

-4.

"3.

"2.

"1.

0.
1.

2.
3.
4.

6.
8.

-8.

-6.
-.4.

"3.

-1.

0.
1.
2.
3.
4.
6.

8.
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TABLE 2(a).- Continued

(b) Continued

Point

number

8OO
801
802
803
787
804
805
806
807
792
793
794
795
789
796
797
798
799

M

0.85
0.85
O.85
0.85
0.85
O.85
O.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85

qt

psf

100.
100.
100.
100.
100.
100.
100.
100.
100.

.....10o.
100.
100.
100.
100.
100.
100.
100.
100.

268
269
271
272
273
274

275/60
276
277
279
280
281
282
283
284
285
286

293/62
287
288
289
290
291
292

0.88
0.88
0.88
0.88
0.88
0,88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88

100.
100.
100.
100.
100.
100,
100.
100.
100.
100.
100.
100.
100.
100.
100.
100,
100.
100.
100,
100.
100.
100.
100.
100.

,

O.
O.
O.
O.
O.
O.
O.
O.

.

2.
2.
2.
2.
2.
2.
2.
2.

.

O.
O.
O.
O.
O.
O.
O.
O.
O.
O.
O.

.

2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.

-6.
"3.

-2.
-I.

O.
1.
2.
3.
6.

,6.

"3.

-2.

-1.

O.
1.
2.
3.
6.

-8.
-6.
-4.
"3.

-2.
"1.

O.
1.
2.
3.
4.
6.

-6.
-4.

"3.

-2,
-1.

O.
1.
2.
3.
4.
6.
8.
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TABLE 2(a).- Continued

(b) Continued

Point

number

548
552

553/567

568
478
570
572
573
574

482
483
484

485
481
486
487
488
489

465
466
467
468
450
469
471
473
474

453
455
456
458
452
459
460
461
462

M

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.70
0.70
0.70
0.70
0.70
0.70

0.70
0.70
0.70

0.70
0.70
0.70
0.70
0.70
0.70

0.70
0.70

0.70

qP

psf

200.
200.
200.
200.
200.
200.
200.
200.
200.

200.
200.
200.
200.
200.
200.
200.

200.
200.

200.
200.
200.
200.
200.
200.
200.
200.
200.

200.
200.

200.
200.
200.
200.
200.
200.
200.

de_l

.

0.
0.
0.
0.
0.
0.
0.
0.

.

2.
2.
2.
2.
2.
2.
2.
2.

.

0.
0.
0.
0.
0.
0.
0.
0.

.

2.
2.
2.
2.
2.
2.
2.

2.

6.

"3.

=2.

-1.

0.
1.
2.
3.
6.

mS=

"3.

-2.
°1.

0.
1.
2.

3.
6.

-6.
"3.

-2°

0.
1.
2.
3.
6.

-6.
"3.

°2,

-1.

0.
1.
2.
3.
6.
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TABLE 2(a).- Continued

(b) Continued

Point

number

437
438
439
440
425
441

442
443
444

428
429
431
432
427
433
434
435
436

916
917
918
919

934/913
920
921
922
923

924
925
926
927

932/915

928
929
930
931

M

0.80
O.8O
0.80
0.80
0.80
0.80
0.80
0.80
0.80

.....0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85

O.85

0.85
0.85
0.85
0.85

0.85
0.85
0.85
0.85
0.85

qt

psf

200.
200.
200.
200.
200.

200.
200.
200.
200.

200.
200.
200.
200.
200.
200.
200.
200.
200.

200.
200.
200.
200.
200.
200.
200.
200.

200.

200.
200.
200.
200.

200.
200.
200.
200.
200.

deg

°

0.
0.
0.
0.

0.
0.
0.
0.

.

2.
2.
2.
2.
2.
2.
2.
2.

.

0.
0.
0.
0.
0.
0.
0.

0.

.

2.
2.
2.
2.

2.
2.
2.
2.

.,6.

"3.

-2.

-'1.

0.
1.
2.
3.
6.

-6.

"3,

-2.
"1.

0.
1.
2.

3.
6.

-6.
"3,

-2.
-1,

0.
1.
2.
3.
6.

61

"3,

-2,

"1,

0.
1.
2.
3.
6.
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Point

number

953
955
957
951
960
959
958
961

M

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

TABLE 2(a).- Concluded

(b) Concluded

qP

psf

300.
300.
300.
300.
300.
300.
300.
300.

.

0.
0.
0.
0.
0.
0.
0.

deg

-3
-2.
-I.

0.
1.
2.
3.
6.

27



TABLE 2(b).- SUMMARY OF STEADY-PRESSURE TEST PROGRAM
IN AIR

(a) Angle of attack variation

Point

number

680

683
685

689

69'i

702

703

7
2
12

14

13
15

977
978
979
980
981
982
983

M

0.70

0.75
0.75

oi.80
0.84

0.86

0.87

0.50
0.5O
0.50

0.77
0.77
0.77

0.80
0.80
0.80
0.80
0.80
0.80
0.80

q9

psf

100 0. 0.

.... 112 -i.
112

124

133
139

142

5O
5O
5O

100
100
100

O.

°

°

°

.

-3.
0.
5.

-2.
0.
2.

-2.
-1.

0.
1.
2.
3.
4.

105
105
105
105
105
105
105

.

0.

O.

0.

O°

.

.

0.
0.

.

0.
0.

O.

0.
0.
0.

0.
0.
0.
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TABLE 2(b).- Concluded

(b) Control surface deflection variation

Point

number

1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1018
1019
1020

M q, (z, (%

psf deg deg

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

105
105
105
105
105
105
105
105
105
105
105
105
105
105
105
105

.

0.
0.
0.
0.
0.
0.
0.

.

0.
0.
0.
0.
0.
0.
0.

-6.
"3°

°2.

°1.

1.
2.
3.
6.

So

°3.

°2.

°1°

1.
2.
3.
6.
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Table 4(a).- Measured Control-Surface Hinge Moment Data in Heavy Gas

(a) Angle of attack variation

Point

number

7O8
710
712
714
716

718

72O
722
724

731
727
729

M

0.75
0.75
0.75
o 8o
0.80

0.80

0.85
0.85
0.85

0.88
0.88
0.88

734 0.90

737 0.70
739 0.70i

30
31
29
32
33
34

35

41
42
43
44
45

46
47

67
65

0.58
0.58
0.58
0.58
0.58
0.58

0.57

0.73
0.73
0.73
0.73

0.73
0.73
0.74

0.80
0.80

q,

psf

38.25
38.03
38.87
42'.04

41.83
41.66

-1.0
0.0
1.0

-1.0
0.0

1.0

45.91 -1.0
45.80 0.0
45.69 1.0

48.29 -1.0
48.12 0.0
48.20 1.0

.... 49198 0.0

51.89 -1.0

51.65 0.0

50.42
50.28
50.03
50.12
50.02
49.95

49.60

75.04
75.12
74.99
74.90
74.68
74.35
75.77

87.51
87.55

-2.0
-1.0
0.0
1.0
2.0
3.0

4.0

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0
-2.01
0.0

0.0
0.0
0.0

0.0
o.o!
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0

0.0

0.0
-0.1
-0.1
0.0

-0.1

0.0
-0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

Hinge

Moment,
in-lbs

16.85
15.27
11.69

3.68
14.89

13.57

2.12
5.22
4.68

11.21
12.65
14.07

2.98

12.10
10.80

2.77
4.35
4.24
1.45
0.40
3.94
3.77

17.06
16.60
18.52
18.30
16.18
16.05
17.81

29.59
28.38

68
69

49
5O
51
52
53
54
55

26

0.80
0.80

0.83
0.82
0.82
0.82
0.82
0.82
0.82

0.90

87.55
87.16

90.62
90.02
89.66
89.66
90.08:

89.66
90.10

100.12

2.0 0.0
4.0 0.0

-2.0 0.0
-1.0 0.0
0.0 0.0
1.0 0.0

2.0 0.0
3.0 0.0
4.0 0.0
0.0 -0.1

32.40
24.85

29.94
29.84
28.59
32.03

26.89
27.05
28.73
31.77
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Table 4(a).- Continued

(a) Continued

Point

number

210
211
212
213
214
215
216
148
149
150
151
152
153
154

,,,, ,,

8O
81
82

113
114
112
111

783
784
787
788
789
790
791

58
59
60
61
62
63
64

403
404
405
407
4O9
410
411
412

M

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.70
0.70
0.70
0.70
0.70
0.701
0.70
0.81
0.80
0.80_
0.80
0.80
0.80
0,80
0.85
O.85
0.85
O.85
0.85
0.85
O.85
0.88
0.89
0.88
0.88
0.88
0.88
0.88

0.80
O.8O
0.80
0.80
0,85
0.85
0.85
0.85

ql

psf
I

100.52
99.98

100.40
99.81

101.19
100.60
100.46

99.44
99.37

100.15
100.00
100.49

99.59
100.20
100.88
100.47
100.83
101.47
102.33
101.53
101.74

99.78
99.56

100.44
100.17
100.34
100.10
100.16
100.03
100.86

99.60
100.34

99,76
100.06
100.13

211,09
208.48
210.82
209,79
231,31
229.98
230.06
229.62

deg

-2.ol
-1.0
0.0
1.0
2.0
3.0
4.0

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

-2.0
-1.0
0.0
1.0
2,0
3.0
4.0

-2.0
-1.0
0.0
2.0

-2.0
-1.0
0.0
1.0

5,

de 9
i

0.0
0.0
0.0
0.0
0.0
0.0
0.0

-0.1
0.0

-0.1
0.0
0.0

-0.1
-0.1
0.0

-0.1
0,0

-0.3
-0.7
-0.3
-0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0

-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1

Hinge

Moment,
in-lbs

32.64
38.33
37.28
36.63
33.66
33.04
36.70
34,02
32.27
30.78
30,27
31.29
30.39
34.32
30.02
30.15
32.44
34.15
33.01
30.30
27.53i
29.44
32.57
29.36 I
29.09
28.16
30.07
32.05
31.25
29.47
33.11
32.94
35.78
42.66
40.87

55,05
60.01
62.19
61.75
64,82
61.25
64.76
64.07
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Table 4(a).- Continued

(a) Continued

Point

number

476
477
478
479
481

448

449
450
451
452

423
424
425
426
427

911
912
913
914
915

610
607

612

616
619
621

623
627
629

633
637
639

M

0.601
0.60
0.60
0.60
0.60

0.70
0.70
0.70
0.70
0.70

0.80
0.80
0.80
0.80
0.80

0.85
O.85
0.85
0.85
0.85

0.70
0.70
0.70

0.75
0.75
0.75

0.80
0.81
0.80

0.85
0.85
0.85

642 0.88

948 0.80
951 0.80
952 0.80

q_

psf

200.36
199.23
201.01
199.84
200.09

200.72

200.37
199.58
200.35
200.14

200.87
199.91
201.39
200.62

200.34

199.73
200.65
200.56
200.87
202.49

209.48

208.62
207.86

244.53
244.72
244.18
271.31

275.65
271.21

298.61
294.94
297.92

de_l

-2.0
-1.0
0.0
1.0
2.0

-2.0
-1.0
0.0
1.0
2.0

-2.0
-1.0
0.0
1.0
2.0

-2.0
-1.0
0.0
1.0
2.0

-1.0
0.0
1.0

-1.0
0.0
1.0

-1.0
0.0
1.0

-1.0
0.0
1.0

deg

-0.1
0.0
0.0
0.0
0.0

0.0
-0.1
-0.1
-0.1
-0.1

-0.1
0.0
0.0
0.0

0.0

0.0
0.0

-0.1
-0.1
-0.1

-0.1
-0.1

-0.1

-0.1
-0.1
-0.1
-0.1

-0.1
-0.1

-0.1
-0.1
-0.1

Hinge

Moment,
in-lbs

49.39
47.40
48.36
45.20
42.79

54.14
53.52
58.94
56.37
55.41

50.54
57.01
59.40
60.01

55.44

50.24
46.73
48.83
49.52
50.60

54.99
58.00
54.90

65.74
60.87
62.02

63.92
77.34
79.53

67.53
71.18
75.23

311.64 0.0 -0.1 72.67

299.59 -1.0 0.0 72.64
297.70 0.0 0.0 80.15
298.74 1.0 0.0 80.77
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Table 4(a).- Continued

(a) Concluded

Point

number

*665

M

0.70

qP

psf

100.44
111.91

0.0 0.0

Hinge

Moment,
in-lbs

26.64
*667 0.75 0.0 0.0 29.27
*669 0.80 123.68 0.0 '0.0 28.68
"671 0.85 135.35 0.0 0.0 27.81
*673 0.87 139.76 0.0 0.0 26.16

* Transition strips (0.10 in wide of size100 grit) were added to the wing upper
and lower surfaces along the 5% chord

4??



Point

number

217
218
219
220

221
222

223
224
225
226
227
228
229

23O
231
2321
233

234
235
236
237

238
239

240
241
242

168

169
170
171
172
173
174

175
176
177
179
180
181

Table 4(a).- Continued

(b) Control surface deflection variation

M

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.70

0.70
0.70
0.70
0.70
0.70
0.70

0.70
0.70
0.70
0.70
0.70
0.70

q,

psf

100.91
102.76
101.85
100.89

101.22
100.83

99.96
101.49
101.04
101.39
101.43
101.20
101.35

101.03
100.64
100.86
101.68

101.10
101.14
100.63
100.98
100.83
100.96
100.96
100.38
101.13

100.24

99.26
99.80
99.96

100.37
100.37
100.53

99.75
100.68
100.18
100.11
100.71
100.52

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0
2.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

de_

-8.0
-6.0
-4.0
-3.0
-2.1
-1.0
-0.1
1.0
2.0
3.0
4.0
6.0

8.0

-8.0
-6.0
-4.0
-3.0

-2.0
-1.0
0.1

1.0
2.0
3.0
4.0
6.0
8.1

-8.0

-6.0
-4.0
-3.0
-2.0
-1.0
0.0
1.1
2.0
3.0
4.0
6.0
8.0

Hinge

Moment,
in-lbs

22.59
24.89
31.50
29.75
34.70
36.32
33.91
34.66
35.42
40.14
38.21
42.23

41.60

24.39
28.19!
28.16i
33.37
31.74
35.79
34.40
38.46
39.29
39.94
37.04
43.23
45.90

23.84

28.60
26.91
28.37
29.49
35.53
36.88
35.18
34.46
35.45
35.88
42.26
41.84
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Table 4(a).- Continued

(b) Continued

Point

number

155
156
157
158
159
160
161
162
163
164
165
166
167

104
103
102
101
100

99
98
97
96

115i
1161
117i
118
119
120i
122
123
124

125
126
127
128i

M

0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.80

0.79
0.80
0.80
0.80
0.80
0.80
0.80
0.80

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

q7

psf

100.36
100.98
100.28
100.15
100.09
100.08
100.12

100.20
100.38
100.65

99.72=
100.43
100.42

100.80
99.69

100.71
100.77
100.76
100.191
100.68
100.17
100.25

101.31
101.87
101.97
101.80
102.24
102.03
101.45
101.05
102.57

102.27
101.97
102.34
101.80

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

-8.0
-6.0
-4.0
-3.0
-2.0
-1.0

0.0
1.0
2.0
3.1
4.0
6.0
8.0

-9.1
-6.4
-4.2
-2.6
-0.5
2.8
4.8
6.3
8.1

-8.0
-6.0
-4.0
-3.0
-2.0
-1.0
0.0
1.0
2.0

3.0
4.0
6.0
8.0

Hinge

Moment,
in-lbs

20.33
25.45
31.36
28.04
33.98
33.08
32.60
34.54
37.40
39.62
39.62
43.83
47.85

17.53
18.63
25.13
25.69
29.91
30.34
36.11
36.33
45.41

18.66
19.37
24.57
29.94
28.45

29.41
35.28
33.36
33.22
36.03
38.55
38.94
45.69
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Point

number

8OO
801
802
8O3
804
8O5
8O6
8O7
792
793
794
795
796
797
798
799

268
269
271
272
273
274
275
276
277
279
280
281
282
283
284
285
286
293
287
288
289
290
291
292

M

0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
O.85

0.88 I
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
o.881
0.88
0.88
0.88
0.88
0.88
0.88
0.88

Table 4(a).- Continued

(b) Continued

ql

psf

100.69
100.29
100.14
100.86
100.34
100.56
100.62
100.34
100.44i
100.33
100.74
100.99
100.33
100,74
100,40
100.59

100.63
100.52
100.75
100.14
100.87
100.54
100.34
100.77

100.64
101.19
101.18
101.25
100.31
101.09

99.96
99.80

100.58
100.97
101.15
101.23
101.52
101.14
101.09
101.17

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.0 !

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
2,0
2.0
2.0 I

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

deg

Hinge

Moment,
in-lbs

-6.0
-3.0
-2.0
-1.0
1.0
2.0
3.0
6.0

-6.1
-3.0
-2.0
-1.0
1.0
2.1
3.1
6.0

-8.0
-6,0
-4.0
-3.0
-2.0
-1.0 !
0.0
1.0
2.0
3.0
4.0
6.0

-6.0
-4.0
-3.0
-2.0
-1.0
0.0
1.0
2.1
3.0 i
4.0
6.0
8.0

19.81
25.82
28.12
33,07
31.75
32.25
36.32
42.87

19.40
24.24
25.74
29.32
28.79 i
31,33
31.31
42.12

15.88
21.61
23.34
26.92
26.63
27.94
29.83
32.59
35.17
37.86
39.10
45.71
19.81
24.30
29.47
32.02
34.23
36.01
37.47
37.49
40.79
42.62
48.97
53.21
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Table 4(a).- Continued

(b) Continued

Point

number

548

552

553
567
568
570
572
573
602

482
483
484
485
486
487
488
489

465
466
467
468
470
472

473
474

454
455
456
458
459
460
461
462

437

438
439
440
441
442
443
444

M

0.60

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.61

0.60
0.60

0.60
0.60
0.60
0.60
0.60
0.60

0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.70
0.7o
0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.80
0.80
0.80
0.80
0.80

0.80
0.80

0.80

q!

psf

200.33
202.25
201.33
202.30
202.32
202.38
203.31
203.77
206.60

199.57
200.16
199.28
200.38
199.52
199.00
200.55
200.19

199.96
200.97
199.64
201.69
199.92
199.49

201.17
200.87

200.91
201.40
201.25
199.73
199.61
200.69
200.38
200.49

204.28
203.29
203.49
202.20

201.85
204.73
203.39

204.54

0.0I
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

2.0i
2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

de_l

-6.0
-3.1
-2.0
-2.0
-1.0
1.1
2.0
3.1
5.7

-6.0
-3.0
-2.0
-1.1
1.0
2.0
3.0
6.1

-6.0
-3.0
-2.0
-1.0
0.7
1.3

3.0
6.0

-5.8

-3.0
-2.0
-1.0
1.0
2.0
3.0
6.0

-6.0
-3.0i
"2.0
-1.0
1.0
2.0
3.0
6.0

Hinge

Moment,
in-lbs

31.63

42.59
48.67
43.14
46.54
51.96
57.15
60.26
69.36

35.97
49.14
48.20
49.71
54.48
60.52
63.28
67.601

36.25
45.62
46.75
49.50
58.18
61.15
59.81
66.44

40.69
50.01
56.16
54.90
48.36
51.72
53.70
60.76

36.79
52.93
53.63
54.25
63.57
63.20
63.01
77.73
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Point

number

428
429
430
431

432
433
434
435
436

916
917
918
919
920
921
922
923

924
925
926
927
928

929
930
931
932
933

954;

956

957

960 !

959

958,

961

M

0.80
0.80
0.80
0.80
0.79
0.80
0.80
0.80
0.80

0.85
0.85
0.85
0.85
0.85
0.85
0.84
0.85

0.85
0.85
0.84
0.85
0.85
0.84
0.86
0.85
0.85
0.85

0.80

0.80
0.79
0.80
0.80
0.80
0.80

Table 4(a).- Concluded

(b) Concluded

q, o_, 5,

psf de 9 de9

202.12
201.35
202.82

202.83
199.75
201.24
200.53
203.96
203.77

202.04
200.95

201.60
200.68
202.21
200.90
199.74
203.08

202.53
202.82
200.51
202.70
202.55
200.37
204.83
202.48
202.73
203.31

297.88
299.00
295.82
298.60
297.90
298.96
300.48

2.0
2.0
2.0
2.0
2.0
2.0

2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0

-6.0
-3.0
-3.2
-2.0
-1.1
1.0
2.0
3.1
6.0

-6.1

-3.0
-2.0
-1.0
1.0
2.0
3.0
6.0

-6.0
-3.0
-2.0
-1.0
1.1
2.0
3.1
6.0
0.1
0.0

-3.0
-1.9
-0.9
1.0
2.1
3.0
6.1

Hinge

Moment,

in-lbs

36.19
49.92

52.40
54.65
57.15
60.87
62.78
66.26
74.75

30.09
44.80
48.37
50.22
51.67
57.92
55.62
72.71

29.46
39.74
49.03
50.66
54.07
57.92
55.73
66.05
49.95

52.73

66.22
72.01
75.36
77.17
82.22
90.17

102.22
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Table 4(b).- Measured Control-Surface Hinge Moment Data Data in Air

(a) Angle of attack variation

Point

number

14
13
15

M

0.77
0.77
0.76

q, o_,

psf deg

101.44
100.57

99.86

-2.1
0.0
2.0

0.1
0.1
0.1

Hinge

Moment,
in-lbs

34.41
32.97
27.77

680 0.70 100.22 0.0 0.0 30.14

683 0.75 111.73 -1.0 0.0 31.83
685 0.75 111.77 0.0 0.0 32.24
689 0.80 123.63 0.0 0.0 37.36
69i 0.84 133.4'3! 0.0 0.0 36.52
702 0.'86 139.20 0.0 0.0 37.01
703 0.87 141.66 0.0 0.0 35.86

977

978
979
980
981
982
983

103.50
102.52
102.77
102.73
102.98
103.58
103.66

0.1
0.0
0.0
0.0
0.0
0.0

-0.1

0.81
0.80
0.80
0.80
0.80
0.80
0.80

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

49.36
45.69
45.36
44.90
53.24
42.67
52.16
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Table 4(b).- Concluded

(b) Control surface deflection variation

Point

number

1004
1005
1006
1007
1008
1009
1010
1011

1012
1013
1014
1015
1016
1018
1019
1020

M

0.80
0.80

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

0.80
0.80
0.80
0.80
0.80

q,

psf

104.79
104.69
104.76

104.68
104.85
105.42
105.11
105.00

105.22
105.12
105.29
105.50
105.53
105.61
105.74
105.72

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

deg

-6.0
-3.0

-2.0
-1.0
1.0
2.0
3.0
6.0

-6.0
-3.0
-2.0

-1.0
1.0
2.0
3.0
6.0

Hinge

Moment,
in-lbs

37.66
43.04
50.39

48.92
56.89
60.10
59.93
72.27

38.84
44.88
50.21
52.52
50.31
52.71
54.11
61.43

I
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Table 5(a).- Measured Wing-tip Deflection and Twist Data in Heavy Gas

(a) Angle of attack variation

Point M

Number

708
710
712
71"4
716
718
72O
722
724
727
729

734

737
739
741
744
746
748
75O
752
754
756
758
760
7621
764
766

210
211
212
213
214
215
216

0.76
0.75
0.75
0.80
0.80
0.80
0.85
0.85
0.85
0.88
0.88
0.90

0.70
0.70
0.70

0.75
0.75
0.75

0.80;
0.80
0.80
0.85
0.85
0.85

0.87
0.87
0.87

0.60
0.60
0.60
0.60
0.60
0.60
0.60

ql

psf

38.25
38.03
37.87
42.04
41.83
41.66
45.91
45.80
45.69
48.12
48.20
49.98

51.89
51.65
51.86
57.92
57.68
57.48

63.75
63.63
63.67
69.91
69.88
69.56

72.35
72.44
72.22

100.52
99.98

100.40
99.81

101.19
100.60
100.46

de_

-1.0
0.0
1.0

-1.0
0.0
1.0

-1.0
0.0
1.0
0.0
1.0
0.0

-1.0
0.0
1.0

-1.0
0.0
1.0

-1.0
0.0
1.0

-1.0
0.0
1.0

-1.0
0.0
1.0

i

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

deg

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0_

0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0]

Wing-tip

deflection
in

1.64
1.12
0.52
1.80
1.31
0.80
1.90
1.51
1.11
1.13
0.78
0.58

1.88
1.39
0.91

2.05
1.63
1.15

2.23
1.91
1.53
2.40
2.22
2.05
2.24
2.04
3.86

2.64
2.50
2.35
2.19
2.10
1.97
1.83

Wing-tip

twist

de_l

-1.65
-0.65
0.65

-1.95
-0.70
-1.00
-1.90
0.10
0.70

-2.00
-0.05
-0.65

-1.50
-0.7O
0.40

-1.75
-0.90
-0.30
-1.90
-1.35
-0.65
-1.60
-2.10
-0.10
-3.65
-1.50
-0.15

-3.35
-2.55
-1.55
-0.55
0.45
1.25
2.40
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Table 5(a).- Continued

(a) Continued

Point

Number

148
149
150
151
152
153
154

8O
81
82

108
109
110
111

783
784
785
788
789
790
791

476
477
478
479
481

446
449
450
451

452

423
424
425
426
427

M

0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.81
0.80
0.80
0.79
0.79

0.80
0.80
0.85

0.85
0.85
0.85
0.85
0.85
0.85

0.60
0.6oi
0.60
0.60
0.60!

0.701
0.70
0.70
0.70
0.70

0.80
0.80
0.80
0.80
0.80

q_

psf

99.44
99.37

100.15
100.00
100.49

99.59
100.20

100.88
100.47
100.83

99.80
99.85

100.54
101.74

99.78
99.56
99.73

100.17
100.34
100.10
100.16

200.36
199.23
201.01
199.84
200.09

200.79
200.37
199.58
200.35

200.14

200.87
199.91
201.39
200.62
200.34

O_ t

de_

-2.0

-1.0
0.0
1.0
2.0
3.0
4.0

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

-2.0
-1.0
0.0
1.0
2.0

-2.0

deg

-0.1
0.0

-0.1
0.0
0.0

-0.1

-0.1

0.0
-0.1
0.0

-0.1
-0.1
-0.1
-0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0

-0.1
0.0
0.0
0.0
0.0

0.0

Wing-tip

deflection
in

2.70
2.65
2.51
2.37
2.34
2.20
2.12

2.61
2.66
2.71
2.65
2.71
3.00
3.42

2.70
2.82
2.93
3.15
3.19
3.05
2.66

3.03
3.42
3.84
4.30
4.73

2.98

Wing-tip

twist

deg

-3.15
-2.00
-1.50
-0.25
0.25
1.50
2.20

-2.85
-2.40
-1.95
-0.90

-0.15
0.50
1.00

-3.60
-2.40
-0.95
-1.05
0.60
1.90
2.75

-2.80
-3.00
-2.00
-1.45
-0.30

-3.40
-1.0
0.0
1.0
2.0

-2.0
-1.0
0.0
1.0
2.0

-0.1
-0.1
-0.1

-0.1

-0.1
0.0
0.0
0.0
0.0

3.46
3.98
4.50
5.01

2.72
3.42
4.15
4.82
5.61

-2.65

-1.25
-1.25
-0.05

-3.70
-3.30
-2.80
-1.90
-2.05
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Table 5(a).- Continued

(a) Concluded

Point

Number

911
912
913
914
915

M

0.85
0.85
0.85
O.85
0.85

psf decj

199.73 -2.0
200.65 -1.0
200.56 0.0
200.87 1.0
202.49i 2.0

deg

0.0:

0.0
0.1

-0.1
-0.1

Wing-tip

deflection
in

2.44
3.22
4.14
5.10
5.63

Wing-tip

twist

de 9

-3.95
-4.75
-2.70
-2.40
-2.65

607 0.70 208.62 0.0 -0.1 3.95 -2.05
610 0.70 209.48 -1.0 -0.1 3.45 -3.75
612 0.70 207.86 1.0 -0.1 4.44 -1.90

....... 616 0.75 244.53 -110 -0.1 3.48 -3.00

619 0.75 244.72 0.0 -0.1 4.32 -3.40
621 0.75 244.18 1.0 -0.1 5.11 -2.00

623 0.80 271.31 -1.0 -0.1 3.48 -3.10

627 0.81 275.65 0.0 -0.1 4.53 -3.35
629 0.80 271.21 1.0 -0.1 5.59 -2.00
633 0.85 298.61 -1.0 -0.1 3.15 -3.80

637 0.85 294.94 0.0 -0.1 4.54 -3.20:
639 0.85 297.92 1.0 -0.1 5.94 -3.80 I

,,,,,

642 0.88 311.64 0.0 -0.1 4.19 -3.00

948 0.80 299.59 -1.0 0.0 3.33 -5.05
951 0.80 297.70 0.0 0.0 4.56 -2.65
952 0.80 298.74 1.0 0.0 5.76 -2.80

*665 0.70 100.44 0.0 0.0 2.23 -1.20
......*667 0.75 111.91 0,0 0.0 2.50 -1.85

*669 0.80 123.68 010 0.0 2.76 -1.15

"671 0.85 135.35 0.0 0.0 2.96 -1.80

*673 0."87 139.76 0.0 0.0 2.89 -1.95

* Transition strips (0.10 in wide of size100 grit)
were added to the wing upper and lower surfaces along the 5% chord
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Table 5(a).- Continued

(b) Control surface deflection variation

Point

Number

217
218
219
220
221
222
223
224

225
226
227
228
229

230
231
232
233
234
235
236
237
238
239
240
241

242

168
170
172
176
179
181

155
156
157
159
161
163
165

M

0.60
0.61
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.60

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.70
0.70
0.70
0.70
0.70
0.70

0.70

0.70
0.70
0.70
0.70
0.70
0.70

qJ 1_'1

psf de9

100.91
102.76
101.85
100.89
101.22
100.83

99.96
101.49
101.04

101.39
101.43
101.20
101.35 !

101.03
100.64
100.86
101.68
101.10
101.14
100.63
100.98
100.83
100.96
100.96
100.38

101.13

100.24
99.80

100.37

100.68
100.11
100.52

100.36
100.98
100.28
100.09
100.12
100.38

99.72

0.0
0.0
0.0
0.0
0.0
0.0
0.0
O.Oi

0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0

2.0

2.0
2.0
2.0
2.0
2.0
2.0

de 9

-8.0
-6.0
-4.0
-3.0
-2.1
-1.0
-0.1

1.0
2.0
3.0
4.0
6.0
8.0

-8.0

-6.0
-4.0
-3.0

-2.0
-1.0
0.1
1.0
2.0
3.0
4.0
6.0

8.1

-8.0
-4.0
-2.0
2.0

4.0
8.0

-8.0
-6.0
-4.0
-2.0
0.0
2.0
4.0

Wing-tip

deflection
in

1.74
1.93
2.09
2.16
2.25
2.33
2.41
2.50

2.57
2.64
2.72
2.84
2.94

1.50
1.67
1.82
1.95
2.02
2.09
2.16
2.24
2.30

2.38
2.45

2.55
2.61

1.90
2.20
2.40
2.72
2.85
3.11

1.70
1.86
2.04
2.22
2.34
2.51
2.63

Wing-tip

twist

de 9

-0.95
-0.80
-1.00
-0.55
-1.30
-0.50
-1.65
-1.45
-1.60
-1.35
-1.65
-1.65
-1.40

0.70
0.60
0.60
0.65

0.65
0.45
0.30
0.65
1.05
0.05
0.50
0.35

0.55

-1.45
-1.30
-1.50
-1.50
-1.50
-1.50

0.50
0.50
0.50
0.20
0.35
0.45
0.00
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Point

Number

1051

106
107

86
87
88
90

91
92
94
95
96

i15
116
117
118
119
120
122
123
124
125
126
127
128

801
802
803
804
8O5
806
807

792
793
794
795
796
797
798
799

Table 5(a).- Continued

(b) Continued

M

0.80
0.79
0.79
0.80
0.80
0.79
0.80

0.80
0.79
0.80
0.79
0.80

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

0.85
0.85
0.85
0.85
0.85
0.85
0.85

0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85

q!

psf

101.21
100.10

99.42
100.40
101.47

99.91
100.11

100.27
99.69

100.09
98.90

100.25
101.31

101.87
101.97
101.80
102.24
102.03
101.45
101.05
102.57
102.27
101.97
102.34
101.80

100.29
100.14
100.86
100.34
100.56
100.62
100.34
100.44

100.33
100.74
100.99
100.33
100.74
100.40
100.59

de_l

0.01

0.0
0.0
0.0
0.0
0.0
0.0 '
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
2_0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

de_

-8.0
-6.0
-4.1
-3.0
-2.0
-1.0
1.0
2.0
3.0
4.1
6.0
8.1

-8.0
-6.0
-4.0
-3.0
-2.0
-1.0

0.0
1.0
2.0
3.0
4.0
6.0
8.0

-3.0
-2.0
-1.0

1.0!
2.0
3.0
6.0

-6.1
-3.0
-2.0
-1.0
1.0
2.1
3.1

6.0

Wing-tip

deflection
in

2.02=

2.19
2.37

2.44
2.60
2.64
2.82
2.92
3.00
3.06
3.17
3.29

2.31
2.48

2.68
2.69
2.84
2.93
3.04
2.98
3.21
3.23
3.26
3.40
3.40

2.76
2.85
2.95
3.11
3.24
3.28
3.52

2.70
2.99
3.09
3.15
3.33
3.41
3.50
3.70

Wing-tip

twist

de 9

-0.40

-1.35
-1.25
-0.30
-1.80
-1.90
-1.90
-1.10
-0.60
-1.45
-2.35
-1.20

0.10
0.10
0.50
0.25

0.45
1.50

0.50
0.00
0.00

-1.10
-0.75
-0.50
0.10

-1.35
-2.00
-1.20
-2.40
-1.90
-2.20
-2.05

0.10
-0.30
0.60

-0.10
0.40

-0.30
-0.90
0.10
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Table 5(a).- Continued

(b) Continued

Point

Number

268

270
272
273
274
276
277
278
280
281

283
284
285
286
287
288
289
290
291

292
293

548
552

553
567
568

570
572
573
574

482
483
484
485
486
487
488
489

M

0.88

0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88
0.88

0.88
0.88
0.87
0.88
0.88
0.88
0.88
0.88

0.88
0.88
0.88

0.60
0.60

0.60
0.60
0.60

0.60
0.60
0.60
0.60

0.60
0.60
0.60
0.60
0.60
0.60
0.60 !
0.60

qT

psf

100.63

100.40
100.14 '
100.87
100.54
100.77

100.64
100.27
101.18
101.25

101.09
99.96

99.80
100.58
101.15
101.23
101.52
101.14

101.09
101.17
100.97

200.33

202.25!
201.33
202.30
202.32
202.38
203.31
203.77
203.61

199.57
200.16
199.28
20O.38

199.52
199.00
200.55
200.19

decj

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.0

2.0
2.0
2.0
2.0
2.0

deQ

-8.0_
-4.0
-3.0
-2.0
-1.0
1.0
2.0
3.0
4.0
6.0

-4.0
-3.0
-2.0
-1.0
1.0
2.1
3.0
4.0
6.0
8.0
0.0

-6.0
-3.1
-2.0
-2.0
-1.0
1.1
2.0

3.1
6.0

-6.0

-3.0
-2.0

-1.1
1.0
2.0
3.0
6.1

Wing-tip

deflection
in

2.20

2.52
2.69
2.73
2.82
2.95
3.01
3.11
3.10
3.19

2.49
2.59
2.69
2.75
2.84
2.90
2.99
3.06

3.15
3.32
2.86

2.94

3.54
3.51

3.64
3.91
4.03
4.18!
4.52

3.92
4.35
4.45
4.61
4.86
4.98
5.14
5.44

Wing-tip

twist

de 9

-0.95
-1.90
-1.35
-1.55
-1.80
-2.40
-1.90
-2.80
-2.05
-2.35

-1.55
0.05

-0.35
-0.40
0.05

-0.65
-o.55!
0.45

-0.25
-0.25
0.45

-1.20

-2.20
-2.20
-1.50
-2.00
-1.90
-2.20
-2.20
-2.40

0.10
-0.40
-0.60
-0.50
-1.00
0.00
0.20

-1.00
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Point

Number

465
466
467
468
469
471
473
474

,,,,,,, .

453
455
456
458
459
460
461
462

437
438
439
440
441

442
443
444
428
429
431

432
433
434
435

916
917
918
919
920

921
922
923

Table 5(a).- Continued

(b) Continued

M

0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.80
0.80
0.80
0.80

0.80
0.80
0.80
0.80

0.80
0.80
0.80

0.79
0.80
0.80
0.80

0.85
0.85
0.85
0.85
0.85

0.85
0.84
0.85

ql

psf

199.96
200.97
199.64
201.69
201.08
200.46
201.17

200.87
199.79
201.40
201.25
199.73
199.61
200.69
200.38
200.49

204.28
203.29
203.49
202.20

201.85
204.73
203.39
204.54
202.12
201.35
202.83

199.75
201.24
200.53
203.96

202.04
200.95
201.60
200.68
202.21

200.90
199.74
2O3.88

deg

0.0'

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

2.0
2.0
2.0

2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

deg

-6.0
-3.0
-2.0
-1.0
1.0

2.0
3.0
6.0

-6.0
-3.0
-2.0
-1.0
1.0

2.0
3.0
6.0

-6.0
-3.0
-2.0
-1.0

1.0
2.0
3.0
6.0

-6.0
-3.0
-2.0
-1.1
1.0
2.0
3.1

-6.1
-3.0
-2.0
-1.0

1.0
2.0
3.0
6.0

Wing-tip

deflection
in

3.14
3.53
3.66
3.81
4.10

4.20
4.34
4.71
4.21
4.71
4.84=
4.82 I

5.12

5.24
5.34
5.67

3.44
3.91
4.06
4.21

4.48
4.61
4.72
5.05

4.87
5.26
5.28

5.44
5.80
5.91
6.02

3.37
3.80
3.94
4.08

4.34
4.48

I

4.591
4.80

Wing-tip

twist

deg

-1.40
-2.00
-1.75
-2.25

-3.0O
-2.15
-2.50
-3.05
0.40

-0.70
-1.50
-1.65
-0.50

-1.15
-2.00
-1.80

-1.15
-2.30
-1.90
-2.00

-1.75
-2.45
-3.OO
-3.25

-1.25
-0.45
-1.00

-1.50
-1.00
-1.20
-1.35

-2.35
-3.10
-3.40
-2.45
-3.25

-3.25
-3.20
-3.05
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Table 5(a).- Concluded

(b) Concluded

Point

Number

924
925
926

953
955
957
960
959
958
961

M

0.85
0.85
0.84

0.80
0.80
0.79
0.80
0.80
0.80
0.80

ql

psf

202.53
202.82
200.51

297.30
299.73
295.82
298.60
297.90
298.96
300.48

deg

2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

de 9

-6.0
-3.0
-2.0

-3.01
-1.9
-0.9!
1.0
2.1
3.0
6.1

Wing-tip

deflection
in

5.41
5.76
5.92

4.13
4.31
4.48
4.72
4.83
4.99
5.29

Wing-tip

twist

deg

-1.40
-1.70
-2.15

-2.90
-3.20
-4.10
-4.10
-5.20
-3.75
-4.55
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Table 5(b).- Measured Wing-tip Deflection and Twist Data in Air

(a) Angle of attack variation

Point M q, (z, 8, Wing-tip Wing-tip
Number deflection twist

psf decj de 9 in deg

680 0.70 100.22 0.0 0.0 2.56 - 1.20
683 0.75 111.73 -1.0 0.0 2.95 -3.10
685 0.75 111.77 0.0 0.0 2.94 -2.15
689 0.80 123.63 0.0 0.0! 3.35 -2.00
691 0.84 133.43 0.0 0.0 3.43 -1.95

977
978
979
980
981
982
983

0.81 103.50 -2.0 -0.1 2.82
0.80
0.80
0.80
0.80
0.80
0.80

102.52
102.77
102.73
102.98
103.58

-1.0
0.0
1.0
2.0
3.0

103.66 4.01

0.0
0.0
0.0
0.0
0.0

-0.1

2.86
2.88
2.86
2.96
3.00
2.81

-3.55
-2.50
-1.00
0.00
0.30
1.20
2.60

(b) Control surface deflection variation

Point

Number

1004
1005
1006
1007
1008
1009
1010
1011

i012
1013
1014
1015
1016
1018
1019
1020

M

0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

q_

psf

104.79
104.69
104.76
104.68
104.85
105.42
105.11
105.00
105.22
105.12
105.29
105.50
105.53
105.61
105.74
105.72

de_

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

de 9

-6.0
-3.0
-2.0
-1.0
1.0
2.0
3.0
6.0

-6.0
-3.0
-2.0!
-1.0
1.0
2.0
3.0
6.0

Wing-tip

deflection
in

2.44
2.73
2.84
2.94
3.14
3.26
3.32
3.51
2.53
2.85
2.96
3.09
3.26
3.36
3.45
3.73

Wing-tip

twist

de_

-1.25
-1.85
-2.00
-1.55
-2.40
-2.05
-1.15
-2.20
0.50
O.5O
0.00
0.35
0.15
0.00
0.40

-1.05
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Figure 5.- Matrix of wind-tunnel test conditions.
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Figure 6.- Typical measured steady pressure distribution data at

T1=0.707 for three point numbers to illustrate repeatability.
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